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[XII ft SI IF] 2002.12.02 

§SSiJ3 Resonant cavities utilizing photonic crystals 

i&m &£sxi ^siai 

[g£!2l2E] 1-1998-104271-3 
[CH£iei] 

[ CH £l 2J 3 E 3 9-1 998-000543-3 

[Sim&s^Sis] 2000-046970-1 

[£S°I ^HJIl SXISj 

§^5J|] KIM. Jl DEOG 

[^&ie^&!s3 631015-1161914 

135-280 

i^±J AiS^AI DHXIS SCH0IEIM 105-1302 

i^m KR 

[£S°I ^gHJI] 01*18* 
[£S°I S^H^I] LEE.SUK HAN 

33>l£ §2JAI ^Xie a£5»0UUM 517M 702 

2. 

i^m us 

[*III] Xil42£°l ^goU o|S| S oj 6=^ g ^I60^o I ffS 

Oil °l§} S^^AI M CH£I2J 
§§ai (oi) 

PIMSIS3 20 ffl 29,000 ^ 

Dl&ftSISJ OS OS 
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0 2j OS! 
[4JA^^?S] 8 m 365,000 gj 

[SMI] 394,000 81 

[§¥Ai#] 1. S2fA1-SAIIA1(Ee)_1S 
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[ASH 

71^, 3U -fi-3^8- 3U -8-^^14. 3U -ff-331 H oH to fl tfl 

3U ^7lS afl^Tr ^3 A]2 -Fh33ls]- ( 312 -f}-33Hl °)n ^S\^ #5) 

^331, 31 31 2 -3-331 H^r 313 -3-^3171- ^*Rr 31 1 ^7] 2L^ 312 

^711- *fl£E5^ ^^51 *>q- ojAj-o^ ^301 5£^>«3 o] -Lo]^lrq-. ©]«4 

^3 ^S31 ^l*b ^-371^ iffis.^ ^<H1 4^0} 3*1-71 ^j£E.f ^ 

^ SU<3 D l ^1*>31 ^34^*- £5= *}<3^ cfo]^ ^ 4- 

si ^-3^3Hr» £fe ^3^ ^ 7^ d-^^v 7 fl^ ^ai*} ^ 01 q-. 

£ 4a 
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ISH^I: °l-8-tb ^^17] * ^^l {Resonant cavities utilizing photonic 
crystals} 

£ 2^r 2*}Q ^ ^afl I^l^S] <4e}--£ S.^, 

£ 3^ «fl = ^^r ^2fl lEtjl^oil 4= afl^^-g- q.^vfl £ 

3. 

£ 4a ^ .£ 4b^r ^ s^o} ^X|6|H ol-g-*!- **!7l« uf 

£ 5^ JE 4a ^ 51 4b^l SL°] ^l-g-tb ^^1 71 oil *r€- MB^. 7 iS ^ ^ 

£ 6£: S Cf€- ^ AH 6(| tt^ ^-§- Oj-g-^ ^7l» M-Ef^ 

£ 7^: £ ^AHH) icj-S. o|_g-^ ufBfvfl j£Tgol 

10: ^71 12: -ff-^afl 

14: ^7]^ 16, 140, 140', 161, 171: ^ 
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21, 110: *)U -B-^i^] 25, 120: A]2 -fr^) 

25* , 130: *)]3 -ft-#*fl 165, 173, 175: $M-*i 7}o)^ 

i£H ^ Am *r*i jum^ 7}*H ^-§r°l 4^ #^#°] 

MH-E.^ (complete band-gap)* ^ $X°-^ , ^ ^WlSH j= jz^l ?| 

Qtt ^«:E1^ (absolute band-gap)* ^ , &7)i£b] , 

i£H ^£r, ^ofl xc)-^ 1S ].^ f 2 *R1, 3*1-31 ¥ 3 

^27} $1^, ^ofl oj-s ^^l^ol ^2- 7 > tf#*}-7fl afltfSlal &t)-. 
°1, 2*>^ i£H ^-f , ^^S.^, 3*HHr, 7l^^ jnoj -ofl 4^). JL 

^^€4. H^JI ^-^^ 7l-^o] igtgol ^.f ( -j_ H J 7 l fi yfl^o] o.^^-, Aj-Oj^ 
^^Ml ^S^, 2j*HH^ 2 tifl ^JEofl Sfl^S}^ 

^71^-2: ^ da-]t!- *#^<LS.5L (complete bandgap)* 
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<16> £ l^r i£H ^* °l-§-^r ^2fl ^7l» 14 ^-^1 ^7)(10)^ *] 

e] -B-^^r-i- ^ -fr3iXl(12H ^-71^^(14) ^ zl ^^-fr *HH3lfe 

^±^91 €#(16)* ^cf. 

<17> <^7H, ^^<y ^(16)£r, ^^^.S. &*}7}^ X|#*H ^Xl 

7] JEJE.* ZL^ZL, 2*}^ ^Xl ^tb. 1 *^ #*}7l ^^A>(Total 

Internal Reflection: TIRHl ^|*fl Xl^t}. 
<18> nJ-eM, -ff-^ Xl(12)Xl ^71^(14)4 ^^<?1 ^f-g: #5.^ # f^f 

*«fl <^}£ ^ €#(14) J?-$H ^*1€ ^ Sl^, °)t X}^- fe-ar 

QCquality factor)*** efl°l^^ °l-g-# ^ oicf. 

<19> ^ #^°l£r, 2*\% ^ 3*}^ i£H^^^-S^-Ei iffl;^* >- 

i£H ^21 ^#€(#^51 10-2002-0024761)^- «V ^tf. 

<20> j= 2 ^ £ #^Xl £l*fl #^ afl^^ i£ u^^^ ^p. s# q.^ 

\fi H^al^h CE.^* ^ ££H €3^2^, XI 1 -fr^** ^ X| 1 **1X| 

(21)X1 £]*fl ^^cMl 3<X-E ^ o^o} ^j-^ofl tH«H XI 2 -B-^i-i-i- 7}*H, 

XU ^7lS Hfl^sq^ X12 * #XI (25)4, XI 2 -R-^lXl(25)X] ^*fl € xflXl 

XI 2 ^7lS tifl*l£H XI 3 XI 3 *#Xl(25' )« vfl^S), XI 2 *2lX|(25) 

5d XI 3 -fr#X](25')^ 3<X-£ «W <X#£] «j-^o)i tflafl XI 3 ^7l# «fl*]€i=f. 

<21> <X7lAi ( o.^^(25 1 )^ ZL 371* ^1*>^, *#** £5M^7H °1 *# 

^JE HL Cf^Xliir, -H-^i^^- -O^l^A^ ZL ^7l« ^5|-Al^7H <X*# ^ & 

4. 3E#, XI 3 -n-^X](25')^ zl 3714 -fHd** #*fl £4*1 ?i °1*# t£ 5U4. 
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<22> 5. £ 29] ^2:^ -R-^^l(25')^ B.7\7\ i£5l-£l53* ufE}-L}- 

^31(21) tfl°fl ^-^l^ol 8 . 9( tiV^#ol rc] ^ 2 -B-^^l(25)7> 3*MHr a7> wfl 
^3HH R'^l ^13 -B-^^l(25 , )7> *fl2 -ft-*l*fl(25)^ z*7\ ^<#6\] vfl^-^ 

O.Sa 0.2or 

57T ( n/2 ^ ^o. ^ ^13 -ff#*lK25 , )7}- ^€ 

7} V^tifl^ ^l^o] sr>7l $m ^13 -a-^^(25')^ R' o^e} tfl^- 

Q.2a 

3^ ^12 ^31(25)5] RJE 0<>1H ^2 ^- 5^-g:?sH v-fl^^k tfl^ w 0 V^ol 

^o)H ^L^^o] ^o. j <2^o^ li^, 35'^- ( ^ofl ^«J*fl iafl 

jEl^o} oVHfl^ixl-^^olji, 36'^, &t±. 31'£r, 

31^ ^av^ ^^u^^ofl oio^ , ^w±*lj HfljE.^ o}^^^o] ILi 32^ 3} 

<23> ^-o] cf^. yfl^l^s ^ a. 711- ^ cf^ «H=^ 

*h ^Efl£] ^7H olo^A^, ^5L-EL 
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<25> S.^^ ^ 7 ]Si\- ^ *M*>7l *|*H 4^ CE.^* 7^1^ 

<26> SE Cfs. -H-^, u}oja.S Efl ol 7] 9] XH* ^ 5^ ££H 

<27> ^ «V^o^ gc cf=- ^3^, Hjjc^|. £i=. ££H °l-§-^ 

<28> ^-7121 ^<5>7i ^7]^, xu -B-^-ir^- g& xu -b-^^i; 

X|2 -fh^^-i- 7>Xl^, ^>7l XI 1 -fi-^XH o^fl H^fe ^^HH 3<X^ *>M- 

y o v ^°fl tfl«fl XI l ^7}S. Hfl^lsl^ XI 2 -R-^iXl; XI 3-fr^-gr 7}^, <$7] XI 1 

-frSiXN ^«fl ^^s]^ A oM ^^ 0 MH 3<HS- ^ o]#si\ « 0 v^ofl tflafl xi 2 ^7]s. 
yfl*lsH, XI 2 -R-31XH ^*fl ^£)tt ^ ^ xflofl afl^slol # 7 1 

XI 2 -H-^Xl^ ^ xi 3 ^Ms. tifl^lsl^ xi 3 -H-^iXl; * ^-7] X12 -fi-#Xl 

3E*r #7j J=M^ XI 3 -8-^Xl7> ^<BrRr ^"71 XI 1 ^71 Sl^r ^71 XI 2 ^7} » 71] ££^7) 

*>4- ^3*1 i^h}. 

<29> <^7H, ^71 X13 -fr^XI ^4£r, ^"71 X]2 -fr^XN ^ Sfl ^ € ^ ^ 
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<3o> #7] xi2 #7i m^-^^ e -B-^-i-i: #sm *$^f>w , #7] m 

-fi-^-§-&, #7l -fr2l-g>4 #7l Xl2 -fr^M- aM#-§t ^-jE-ij. ^r}. 
<3i> a o v 7 ] ^71^ yfl^m #71 4^r^ X]2 ^-#X1# iE^r #7) 4^r^ Xl3 

71 ^£r, ^7]^ #71 ^Sl Xl2 -6-^^im 2^r #71 *fl3 ^#Xl 

# ^ 3*1^1 -f}-*lXH t\\n 3.7] 3L±r 5L<#-i; 91^. 

<32> Oj-g-^}. ^-71 ^7l^ ^^>7ls(-7l- #71 ^ofi £ ^ ^ ^ 

£-4 #7l XU -S-^lxi iiH ^loiti.7H^;l- 3 i^-ficf. 

<33> ^ 7 ]^ iH^M ^ 1£H ^^§r <X-§-^ ^#^1^, XU -fr 

#-§:^ ^ XI 1 -^Xl^, Xl2 -fr^-§-i- 7HH, #71 XU -ft-*lXH 2l«ll ^ 
^#<^H 3<X-£ *>M- <X#2l wj-^ tflsfl -7l^ tifl^sq^ xi2 -B-^iXl^i-, 

XI 3-a-^i^ 7}*}^, #71 XU -f}-*lXH ^Sfl ^#£)^ #7l ^Tg^-o^ srl-u]- 
°1#^1 H oHHl tflsfl XI 2 ^715. wfl*l£H, #7l 4=Hr3 Xl2 -8-^XHl $)$\ ^#£}^r # 
^ € ^flXl Hfl*13<X #71 4^^1 XI 2 -fr^X^ Xl3 ^7lS afl^lsl^ 4^<£) Xl3 

-fr^Xl^, #71 4^°1 Xl2 -fr^Xl 3L±r #71 Xl3 -^-^i^l^> ^*Rr #7l XI 1 

^7l SE^r #7l X12 ^7l» *fllE£l7l ifl «M 3^5: £>u}- o}^°\ 

* i^Kr ^7); Q7\7}^7\ #71 ^^-ofl £^ ^ o^-^ AJ-71 o.^^ vflofl 
#71 ^^1 <y^ElXl XI 1 SlHji 7>olc; ^ ^-71 ^x^H 2] i£s$Q 

£7} 713)-!- y J"^S #^5l£^- *M Jfl*H #71 XI 1 -^Xl tfloll #7l ^o\] 

<y^£lXl X12 %)°)* 7>ol = ;1 . i^-^cf. 
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<34> <^7}*), %7] A]l *fl°]Ji 7>o]c ul ^- 7 ] *\] 2 o] «. 7>o] =^ a o V 7 | ^A] C_ 

^ ^sj-^ iL^fr}^- cf^tb -§--§-«- ^ 5U4. 

<36> o^} ^.g. aV^^] ^ ^-g- ^x$i£6\] 

9X°)*\, £^^1^ ^Hl <fl*lH c}<^ j^flofl rfl £ «.^ S 7l^}^^ 

, °1*}^ -M^^l ^^^1 tfltb «-7fl« <>H^- ^ injel ^A] 

<37> £ 4a ^ 4b^r ^AHofl h} = °l-g-*} ^^1^1 

q-^ufl c^olcf. £ 4a ^7l^r, *fll -B-^i^ *fll ^31(110) ^7VA 

<L3. ^2 -f}*} 31(120) 2}, S t}€- ^7]# 7}*1^ wfl^l^ 4^°} ^3 -B-^i 

31(130), ^ ^Hr^ ^12 -3-^1(120)7} ^71^-g; 7fl^sl^ «(140)4 i^-tVtf. 

5Eth £ 4b^ -^^171^ *fli -B-^i^(llO) tfl^l f7l^S afl^l^ ^<2] *fl2 -B-^^l 
(120)3} , S ^ ^7l# 7}7loj afl^l^ 313 ^31(130), ^ ^r^l 313 -fi-#3l 

(130)7} ^ ^fliEe]^ ^(140')* 

<38> <^7lA^ ( ^ 2 -fh^3l(120) ^ ^3 o.^^ (130 )^ z}z} *\)2 ^ 3-B-#-§-8- 

5>b4. <>M, 31 2 -fi-^^g: 3U -£}#-§: ^.c}^ 3 od}, *fl 3 3U -R-^2} 7fl2 

-n-^l-i: ^}°1^ #J£-Sj- t}*=K 313 -8-^31(130)^, n. Hfl^ofl 54 

s\Sl)&7?}7lo) ^ol7} O.S.^Ei ^^1^1 ^12 ^-^^1(120)5}^ 71 El 

44b ^Tfl nfl^lt!-n}. ^, ^]3 ^-^^(130)^ ^ 2 4}3l*ti«-(120)°11 
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2\n € ^€ 3L7]% *\}2 -f}-^l(120)£f *\3. 

tb^, £4a ^ £ 4b°lH ^13 -a-^l(130)Tr A}2 -R-^^*(120)^l ^*fl # 
^Jo} ^Alofl ^sq^ oi^nl, *fl 2 -R-^11:(120H1 £l*fl A *H 

^ ^31^ ^Hl ^^1^1^ ol-g.^- ^£ oji}. cc^-, £ 4a ^ £ 4b ^-^1 iL<?l 
(140)(140 , )£-, ^7l^^S wfl^m ^Hr3 *)12 -8-^1^1(120) ^ ^3 ^-^1(130) 

# -R-^l I7fl# oio^ | tiV^l -fr^l* 17B^> t§ 

-M°> 3^ °>M*1, ^ -8-^^ll-( 120) (130H*1 ^Hr^ -ff3i*ll* ^ 

^£ sm. i£*h ^^-(140)(140')^: ) -B-^1 ^1- ^ 

5Utt ^J-gr ^>M^, ^7]^# 5fe -fr^l#(120)(130HH ^j-uj- o^o} O-^ofl tflsfl 

£ 5^ £ 4a ^ £ 4b 51 ^^I7H1 i2l«fl M-B)-^ MH-E.^ ^ ^^r^Hr*. M-bI-^ 
S^ojcl-. £ 3^- tiling* rtfl, yH = 7jol oi^7> S^- S}ol7} 9lo_^, o}^ Al^-eflo) 
^oflA^ SL*M 7}9l^. Sl^H, Z.^3L 151°} -^7}4g S. 4a^ ^-o] 

*fl2 -fr*l*l|*(120) ^ I7fll- ^A|^-g- tifl ^5]^ HflJE.^ -§^^5}.^ol 
i^J: 1557} -^7}^} ^^1^ J£ 4b^ ^°1 4^51 7113 -S- ^111- (130) # l7fl» ^ 
°1 A lSt "fl ^^sl^ tflsj ^^sHMl sfl^W. SSH^^^l <*M7}*1 ^ 

£r. cfl^lH^-S J£ 3*fl M-El-M-^ -§.Qj 7^14. tJ-nV, x^hgr, 3-fr*l*ll 



(130)^1 3711- 7}^o_3_ Oofl^ 72 t 0, 1, 2, 3, 4, 5^1 tfl*fl 1.3^ 
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5. 5-fr tis}^ , -£ 4a2f Qo] ^ 2 -fr*l*IS(12<»«1H l7fl» ^^^^1 ^ 

^l£^7> ^7fl*>7fl ^Cf. ol^ ? SiHE^S] ^S=7|- ^2=2}- ^-Tfl AV^JL, *M afl 
^^6)]^^ ^^12.^.71- ^7fl*>7fl ^Cf. ^, £ 4aSf ^ ^7l^ ^^9) ##o|l 

^13 -H-^1!-(130HH I7fl# ^^Aj^l Tj-fofli^ ^Oj^Oj ti£c 7 J vfloflA^ f7]££ 7 |. 

t^l*4. ^, *H83iM, 5.-^2= ^3.^7} ^5L, s>ol«fl 

n>^nV ^^ofl ol ^2 -fr^K 120)^1 ^-^l2.= Sf ^^l^>7jl ^Cf. 

^-^5] 7112 -8-^^(1(120) ^ 7113 -8-31*11 ( 130) <M 

o) «fl — ^ Z*ZHH ^7.>7l ^^S=7> ^7fl^>7ll ^4. <^7H, ^£ ^r3i«^ 

aj°l ^Eflfil- ^i^f-Sl ^Bfl# #3^1^ ^2.= ^ ^ Q^(quality factor)* S 

£ 6f § f ^ 5 ^HH <4€- oj-g-^j- ^ ^1 711- q-Efufl 

^71^-, Tfli m -8-31^1(110) ^ofl ^ 7 ]^i afl^m 4^ 

^1 7112 -R-3i*fl(120)2h 5E cf^- ^711- 71-7H Bfl^l^ 4^0) ^ 3 4^^(130), 4^<q 
*fl2 -B-3i^l(120)7> ^71^* ^flssl^ £#(161), nslZL ^ofl e^slTll 
^ %]°}* 7 >ol^(i65)l- if-t!:^-. 
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<44> ^sq- ^71^ *V£*fl eflo]^ cfol^= i=-6\] o]^s\o] %}o) w 7 }o) J=(165)» 

^ofl ^ ^tII £4. 

<45> 5. 7-c- -£r ^^l tcf^- °l-g-*t ^#*1« M-Bf^H SL^olcf. ^^1^- 

*l*r, *fll -ff-^-i:* ^tt ^11 4)^*11(110) t|H ^7)^0.3. tifl^l^ ^2 -n-^i 

(120)^-, £ tf-E- ^711- 7}*H tiH^l^ ^3 -6-^^1(130), *fl2 -H-^^l 

(120)7}- g-fe ^71^^- ^fliES]^ ^(171)-g- ^^l7l, ^A>£1^ ^7f7l5l-7> ^ 

^-(171)^1 #w>s. ^ ^(17lH 711 SlM*- 

7>olc (173)) ^^-(171)cHl o}^ ^-^171(171)^1 ^1 ^rfl ^7.>7l 

#^«o V ^-°S. #A>£] t=^- ^^1 e^SlTll ^^Hel #^ *H°1W. 7>o]c (175)# 

<46> ^ ^ ^^m, ^ ^Olti 7 H JE.(173)# ^*fl ^A}^^ oflui^l 

€*Kr S}-^ ^7,V7l2)-l- #^ ^1 o] Jd 7H^(175)» ^ o^l ^tf. 

o}3.3, eflo]^ rfol^.= ^ J^o] ^^sj.^.g. ^^l^E-1 ^4 ^ tf<#*> #*1 
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£ ^3*1 ^*HH ^^SHH ^*Rr jSl^I 
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1] 

XU m -fHM; 

2 7}^, ^"71 X]l -fj-^XH ^5]ir ^^MH ^u)- 

<>1-^ y oHHl « ^715. tifl^lsl^ *Hr3 Xl2 -B-^^ll; 

§>M- o]a o v^ yj-^ofl tflsfl *))2 ^71^ «fl*]£H ( #7l *fl2 -fr*lXH ^*fl I^S) 

^ € afl^^M 4^2] 7fl2 -fj- 3**11^ ^] *fl3 ^7lS tifl^sl^ 

a o V71 4^ *fl2 -fr^l 5&^r ^"71 4^ *fi3 -^^^17V ^*Hr ^"71 X) 1 ^71 

se^t A oM X12 ^7l* 7fls^7l 3<H£ *>M- ^3°J i 

^-^^S. *>^r ££H oj-g-*}. ^71. 

2] 

^71 X13 -fi-^XlTr, #7] m S]*fl ^ >t A>o]^ 

^Hl afl^l^^ 53* ^-^J^ *>fe iSH ^^171. 
3] 
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4] 

[3^*8" 5] 

A o V 7] ^7l^ O.S. afl^l^ 4=K^ ^12 H~ ^"71 ^^fil ^13 

^-a- ^71. 

6] 

•fHSl*IIS ^ ^3 3 -fi-^H tflsfl 3L7l 51<£# £^}-<*| 7 A^r 

7] 

= c-1 £t^m 53* ^H) ^ ^^171. 
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8] 

afll -fr^-§: £±r m -fr^^M, *ll2 7Mu], #71 *fll -fr^H ^efl 

^3i=r ^ € ^<Hl «fl*l£H ^2 -R-^^l^ ^1 ^13 ^7lS tifl^S)^ ^ 

^ m -f^l^h #71 x\}2 -fr^M] ^7) -N-rSl *fl3 ^-^}7} 

#71 *fll ^71 #7l ^12 ^7l# ^fliESl7l *M °1^ ^ 

i^Rr ^71; 

^7>7lSl-7> #71 ^^-ofl *r ^71 ^1 -fr^l ^ A oM ^^1 <?] 

^"71 ^^17H1 o^afl ^-aJ^ #7} *}7l-S|"I- 3**Rr H o V ^S. #^£l£^- *}7l 
*H ^ V 7l *fll -B-^l ^"71 ^cfl <?l^Sl7fl *fl2 KM* 7>olc ;# 
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[51 1] 
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